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: 3 ee 4 . aod ae . . 
ie sg Fa + oo DP enn gtd 


Tre be “population, at very “Low population debaities. i ee 
ee Since. ‘inseructions ‘withta the body..of © ‘the computer program are. cited a St 
a “fr. ie essential that the materials in the. STUDENT MANUAL be used along with, : ie 
: the’ program. This holds.teue even if ‘some. ‘plant or or animal population: other . ‘he ee 
ee than: ‘the, gypsy. moth. is used. .In addition to instructions the STUDENT - - be Q (ie 9 

Ve a : MANUAL- tneludes’ “background information, Anput: este and ‘follow-up © Bae = Bw a 


oe ‘ 


oa questi ons .for each. Program. eee 2 = 


wo 


. aig : at : " aot Del oMicre 
, “NO og ae 
oe 


se . Bach’ progian’ ‘wilt ‘begin by aking’ ‘a oe neeiak: ot Ggabiieae:, Bxplane~’ \ oe 


att bee “tdons of. these questions are:found ‘in. the. STUDENT MANUAL. Once thése ques— ;*, AK — 
fo ” tHons’ have ‘been answered, the. computer ‘program ram carries out, out: -all the BRCRSEETY, | oe ig. 


a ae " jmathematical operations. and: outputs thd. population ‘inform@tion either.as°a- — gis 
fe" phat, ia “graph or both..* the: shart, is more: ‘accurate, but the graph displays. oo 
a 13 é ee z ee ~ explosive ity of tHe: ce mene eco growth. . oy os . ®: : 
| "To add: in the: “{iput ‘of: ‘eorvect answers, to "the, ‘computes “question”. student ga 
a api ut, sheets: have’ riers : These are. — din. ou appropriate decttions:” ee eg 
iy ‘of : the: STUDER SARCAL aie > Se a Re ey a ae 
. 4 hee ete ; oe ERY. Ay : ana a id: % er ce ; “ ‘. “ : ne ge : fan * 4 ’ a 


nejgeenty foe a generation: 
ato: rahe ts. own: ‘offepring - ee 
ase arene ieee : 


u serene 


ie 2 


'Thé ROP sérfes. uge | ak to; the: 
ot Ee gt oo average, numbé Gh individual ~ “* 2 oe ok 
ey. a i a a Peas Conggtbute. yaa ‘the: ext emarettons a e a a 


us a tae ae = Loo re s his If ‘the, popylation’ ds half male, the. tere - - ; ie 
Pa a ero’ ‘fe. 0 -> » average number of of fapr: g pér fenale. = 
wh hate dee ‘be divided : nchalf e. 


ee 


oe 


iP tee a fu games ee 16: lf in, Town: ia fenale: joa, oy eo 
sii Moos ieee ee ae ee Rae abot 14 puppiés tn her lifetine,.. ° oe aoe 
a ee ee re a < the: average. birthrate -is:.15/2 or.7. Sao a’ ree a 
rr ee ae 6 = - “puppies per dog. Lous Benereeion, ea : oP open 
ae a ae “uy If. the. Birthrate equals : ‘one, “each: 2 gtk Ie yg 
- te = a 7 ; ae - . - x * Andi gigual ts yust being veplaced > * a a a : ae Ss ee ty 
i ae so art aoe Ee °.) fhe’ next getlexation. » This’ means, a ee 
eae ee eee “Population ee ee ‘bev constant. pete es 
4 . hag n ss eo. eee 1 


pets © 8. tas congepe oe f exponential gxgeth oe ee 


a ae ae ¢. ~ (Onbtonat - > -yéur student’ ‘aay. : ba aitowea ‘t to, ge, : 

ne ees : &, te, 4." ue * develop. their own ideas during. investigation Se oe re 
ae ‘ . : 7 ; " ca a > a o of the: ROP Pel. - -_ ct me = a es an ‘ nee 8 j — | 

. ‘ aS a * : ‘s 4," Ke - ae : Le : > : , z= hg . = : “J a : &. «© . 8 ~ . 6 “et He en 

" eo: ioe ae +“ Glasxoom Uap a hae oe “ oe a vex : ee at a : ar. 

. ‘ ; sole “ov ‘ ‘ ae A oe ‘ ; : 


8. a8 a Pee a “ft a 


: - mhe= POP. ‘SPRITES’ programe were, destgned: with eae possible ‘epeoician: w 
en “aa mind: “1)-4s8 a clastoont: tool: '2)o ag a Laboratory;: and 3) for'‘individual .. 
oom eae) ‘mall troup usage;iperkape” as. extra work./: While We ‘agree that we haye . . ,- + 
ue cn BE hae "fotally ne of ER aby iit all, these -aré fas .we. think ‘that you will \ 


aoe find, at: least’ one of ona ove seppoaches: oes with a ‘students. ‘ 


oe as aa So ole As ang y1. = The POP Series prggrans have ht i: es, 
a ee : - -been méde as moet -a8 possible. oo Pp the. oljective’” eae: 
Oe ee , of the ‘entire series i¢to"have studénta develop a? - : C4 ae OD 
oe . 7 “eritical’ sefse abdut population, ptojection, any single « a 2 ae, 
a or “part of the series may provide the teacher with, a valu- ': pan eee 
ug Pe able \demonstration tool within, the. -G. ass room, °. A possible” 
poo a MT a example “of, ‘ela ay +4 USTUP about: the’ ‘Mal Ghiistay concept |. aH 
eS phe Oe Ao SOR, geometrical | growth in, Population.® ‘Witle"a teacher may. 0° 1..." 
Ree lye attempt to gdveran “example: ‘of: this: typeof: growth; the: *" ae Pa a 
ee de ea “"" "students. generally: will‘ pose.‘'What df..." types* of ques~, a: re 
og gee ok : eo _ tions.» Tf the “tédther has? PORL -avatlable“to: him in: ‘the’ fe 5 
ee a = , classtoom, tidy: of these® “hehat Le" questions “can be “ —s hee - oa 
on ae “ anewered. -“(Data for. possible éndmala- that: a teacher ‘tay: : 
ee ite we om ; aos - bho) yee with, BOF are aide of pages, 15-16 ‘of ‘the reso 


fory ~ There are. ‘qeveial “eppivashes thaigeave: 
proved useful for. ‘ditferent® teachers, “Some'-teactiers will - 
_find it easiest fo: ‘use a POP Series program in: congunction 
“with another. labotatory, rotating the- class ‘through each: , 
| set of exercists ‘over several laboratory La oneal Other 
". :teacherm will prefer ‘to‘have their entire: class -use a 
..°. single POP Series peogram within. a laboratory : esgion. 
, POP: Series materials were destgned in Buch a. ay that» 
a either: appreecl: could be..: attempted. ‘ Se ae ey 77 


a): Rotation with ‘mngther: experiment’ - te ‘should be ‘posei— a 
ble. for you ‘to devote. a majority of your. time to. the ~* , | 
. “bulk ofthe class carrying out ‘the’ regular laboratory, 

"'" especially if your students. have. used. a ‘computer simu-- 

-, lation previously. : Those students doing the POP Series 
_ laboratory: shoul¢ be dsaued the g7ypEw7? MANPAL sat. least -: 
_ one day before the ‘Lab period, ‘Yn that time they .°. °°. |, 

‘. gshould. design ‘their input’ on ‘the computer ‘input sheets Se 

(see MANUAL) 80 that. they. will be. ‘prepared. to 
>. ptart en they enter the lah. After. using the com °. 
“_puteg, they can answer the. follow-up questions | -and 

submit : the. Package as a laboratory papery to' yess: 
i ie 
+ aboratory for. the entire clase" - ‘Instead’ ‘of attempt-" 
‘ing’ the entire, POP Series, ‘Lt: is Suggested that. you: 

“attempt one. Program at 4. time. Tt. is. best to, ‘atart. m 

with POPI. : —_ vk ; ao ae a4 . ae 


ee Me 
me 


: “Davide ‘cha elfen *: ‘Into suali froups , and issue to. the an 
students the’ portion of the. STUDENT MANUAL to-be-: 
covered:in lab; thig ‘should’ @ done at least-one. ©. __ 

‘day before the. lab session. If the gtudents design - 
. their inputs on the computer input sheets'before =. a 
-. -Qlass,: each, student should. be able to receive and OTS na digs 
- dnterpret his results during a single laboratory. ses- Lc 
- sion. . In addition to the laboratory report, you: . 
might have your ‘students ‘ask for ‘@ tabular. outpace. ; 
" “in- each*case in. addition ‘to the. computer graph: Thie. 
will alfow student# to: regraph the results “ina more » - 
_ _ conventional form and yield more. ‘accurate: ‘graphs at | 
_.~ thepsame time. (This activity will also give. ‘groups 
- . , that’ have -had. firsttaccess to the. foam dad ‘something 
ae x _ postal. to. dg’ dn: the seenreee | 


Die oie Ba fet it * flctaae: v that ‘eset gtoup- have a. eae 
g~ “different. pr be em, you may be interested. in‘ ajter~ . : 
‘native model - mals ‘listed -in the soe MANUAL, 

— on. pages is of vthe RESOURCE. | AAD, 


Th . : bet 

é.. ent with” ‘avezage ability to: function on his own,” pa ee ae 
pee oe al eB a h@ hag chad ‘any ‘experience with other admulations. For. ne eo ae 
a ‘students of, average ability,. investigations using the “oe 6 td 
ed ae i ‘vs. POP Series programs with other’ animals ‘may Prove inter- Sf ee 
fT pie ts eating: ‘and | enlightening. “Suggestions: for other ‘ndmal, a pe fo 
a See i -. populations ‘to inodel ‘van sbe fowl on pp. . aa of the © ee = a4 : 
ott. RESOURCE MANUAL, 5° a gs 


Vi OUTCOME FOR THE. POP. SERIES. eee, oe ke cae ore 


Correct Tnputs 1 for POP “Citsusing ehney-noth problem a ve 


of. ee os i _ ae 

oe ook, _ weston: 1 Starttag: with one wdle-and one: female | BYpsy. imi -how many _ 

7 “rs . a generations’ will be. required to produce 10,000: offspring 

~. + .+ ina single. generation? Agsume that: the female moth ‘lays. . 
~ 4 15. “e888. that hatch and that, pnebe youn live oné peers 


Pee ry . ne . 5 " A . ne Mes mt eS SP geese " A ” a 7 . , . 


- “ Gompuiter Question | ee re | : ee a 


. any 2 a F . Sip Eh Ge . ‘ 
ce . Be . : é . a : ‘1 on ay . vo er . a ee ee ‘ 

Sas a a. oa . : : : ss ae, . . : 7 . , ae * J 
cr) ri = ‘ . . é 4 sates spas . , art : - . 

ae . . - oo 7 . : ‘i 2 . - . . : oO 

Hee ath 3 . : aes 


ot. REPRORATE? eo Sa 1.5. 5 wope: anewer. equals . ne 
a a re y a ee ty oot 15/2 wince one half". 
Se ye ey Oe Ne ae ee . of the population *. ies 

Se te gs ee a ee ts male.) fet ek a 


i ae THE UNIT PER centnat TON? a ear ts understood) 02 


NO. occ ce , oo Any number, greater - 


Fe, ° . . 7 poe a) , ‘ ° . ‘ ; - : . : : . : : thdn 4 and less. . . a fh 
a ee eee _ ae ee ee —— 20 oN - ot ad 


ae 


. oe “as Her =. pe a : ‘ of Jee Pe ae 


cere ouTPUT Des tRED: rwctane, Dacha, enon” ee ea eer re 


anise R PoP! suet” uESTION 


oO The 


‘Sth: gener ition of iad, vise soe a ce 
) 2 at LH the Sth. getieration will be over'47,000, °°: 00 
Gan ‘Sample ‘Run 4 ie ee for: ve aprual pest for. the above.) ” ag gts - 


re ae 


ae acre of OrTer eaaanen ): a oe ot 


are: 


ested answers’ to ‘poPL cuescibasis | (ie ie fnpottane tornote that, thead’, 


© . 


4). As. WE ' SAID "aevoat,, EVERY: “MODEL. Must ‘LEAVE. 


‘CERTAIN. ASPECTS: OF A PROBLEM. OUT. SOMETIMES 


"RHE ASPECTS LEFT. OUT ARE SO IMPORTANT THAT 
PRR ANSQWERsTHE MODEL: CTVES: IS NOT REALISTIC. | 
DOES THE ANSWER: TO THE POPULATION PROBLEM - 


*) GIVEN BY POPI. SEEM cae MUL On WHY HOR? 


a 


Afger the 6th ‘generatyon, there are. over a. ul Tiida aoe: ‘étis. 
in the 10~square-mile. forest. This would lead, to. severe food. 


% 


we shortages, and the papuiacion: growth ‘would have ‘to: slow. vt, ahs 


te ‘ ot © 


> IR ‘YOU FELT THE SOLUTION. OFFERED BY POP1 WAS: z 
|... UNREALISTIC, WHAT ‘ASPECTS: OF ‘POPULATION: CON-: 
'. TROL SHOULD. BE. ADDED TO THE ‘MODEL’.TO MAKE IT 


GIVE A'REALISTIC ANSWER? «(YOU ‘MAY. WISH 70 


Se : REREAD THE, INTRODUCTION TO POP.) 


” Gatdee for this qisation: depends: on the responses, above.) oe 4 
A necessary corrective: factor could limit High: populations: 
.. in-some way.” ‘(This is: actually done. by Limiting. nae ‘repro- es 

ne gucrive crite at. nash, pas densities. >, a 
oe es, . 


“THE: MODEL THAT POP1 18 BASED OW IS cabutD THE oe 


. EXPONENTIAL ‘MODEL OF POPULATION’ GROWTH. DOES . 


i POPULATION GROW AT AN EVEH RAK USING THIS MODEL? <* 


No,’ the rate of population growth, while - constant, causes the. ¥ 
crates to. grow. at an blob asides Bupbere Y6 unit baad 


a . - 


| - EXPLAIN IN your OWN WORDS How POPULATION 


\-, GROMS USING THE BXPONBNETAL GROWTH MODEL. ° 


100° YEARS ROM Now? SRY OR Wy, Hom 


¢ 


oi 


vy: answer that indicates that ponulcion | grows. sigiy at first Pees 


tha ee more tariey as ee goes on should. be epee tates 


: es YOU THINK THAT: I? - WOUED BE ae 10 USE THE 


EXPONEWTTAL MODEL°T0 FORECAST ‘MAN'S POPULATION’. ia ee 


< 


\ 


_Tne to a matter ; : Ht pn ~ among. denogréphere; dt, ie ae * 
\ ate cussion. — es ae a 


) quasrron;.~ stating soci: with pos gypsy. poe ‘one, nate oa ‘one + Fematé; eee 


REPRO RATED eg OE gis 2 Ged party es 


"TIME UNIT PER GENERATION? = sw 


' -“ QUTPUT DESIRED: 1=CHART;,-.2=GRAPH, 3eROTH? 15:2, or 3" aa as 


: “°°” poptlation for the next year drops below _ the. carrying capacity,.” . . 
a vo. At this “paint. the cycle repeats itself. “(See = ‘Run 2..) ae 


eed \ 
oy oct! s 
jay ate ~. 
: ae 79 
fens 

wal Ne 


fo rg i a Pm, LF = . 
dire a ie cer 5 ' ‘ u . * 
? as ae oe " , . é S Speer SiGe Bob oe 
. ? , a, ; are ae : : asta 
Tae ae dl ae ae Ya ne Sree 0 aps Sy a ple : : 
me ‘ : ar re rare ae ‘ pete . 
’ eo : pe carey fe ROE emt Sg aa . coe 
vos : wg Moe S rages vt . voce i . on 2 eet 
$ ms A G wae a : oa -t ie . “ 
! aw 8 ea aoe F ‘ t : ‘ 
aad ar iw ae $4 sf ee > t 7 lt 
ar AD é Boe: ats 
ay - 


F . Le . ot ts 


- chow will the: ‘population: vary over twenty. generations, if the 

forest. in: #hich: they live has enough food to ‘support. only: : eee are 
ee 500 ,000 ‘moths?° The ‘female moth prodycés about 15 eggs that’ en Ss 
cece ey survive the. winter tq. ‘hatch and: Teproduce | ‘the - next year, ee 
noo) They ‘tke, ia ai ical one: ‘year, oT Ae ke ee 


a PO fs eae eee A” & “ea? aw Sees 


Corréct In ut. .- 


. 
othe, 


; i . # s . ape tntte ames 7 
Ca ' oe os eee oe . nee. 6 . =. : op “ -@ « 
« . . 3 aria | iste ae : . — be 
78 


. see : ri 2 . c eet t. : r 
- . . ‘ sé = 


a. - CARRYING CAPACITY? gee = mee ae ex 500000 (Make sure no commas ) hes 7 


CP ae are, used) re 


. a 
tecs . : ae ; oe 7 as te ea ‘ : : : 4, 

' * ' a ie : ' 7 : . a  o 
fn ° : on . On . oan oe no 


: . 
: 7 “oe Cad . 


. 7 - . re » 2 Seca : 
ee — e 4 or: 
Soke ‘ery ‘tine the population, exce dat the nee, capacity, the: aay an , 


“‘Siagestion: Have the etadente select either the. . graph Sutpie: or. ‘the graph “ 
and t&ble (output - selection #3), since this ‘question is: ee : 

mo ‘ with a pattern of growth. -Onée they: have the output, suggest. to.” , . 

ff. themsthat they eonnect ‘the. ae on the. staph. paad makes .* — 
ye Vo the, parcery me clearer. ae OP ae ts as a : 
Caen may. ‘be necessary” to ale that’ with ‘cofputer gaia. or er ae 
Ao points fre only approximate; that is, if.a point is.on the ee 
s \ “sero line: the number may be near 2éto, but .not necea@arily. : 

|. equal ta:zero, “The pointe: marked by "on on the eraph ie 
ans cartyiag epeacdey ee : 


- 


™~ 


wt oe 


ie 


oO "DORs: THE ‘pope: ‘Nopat aiv VE k ‘MORE REALIST ae 
" PREDICTION OF POPULATION. CHANGE ‘THAN POP? 
Ecgl Is SET. Ldn C. ABour cael ia 

; 4 oP? gives’ a ‘more realistic. ‘answer “than. ‘port; eee the answer 
s, £e ‘ep£11 unrealistic... For instance, ‘the ‘overpopulatdon of. 
ae mothe should “tnt the. carrying peicined of the forest: ‘a8 ce 
ne ge ea trees ice des oved: a tae : 


6 


2) “IW obit EROBERN,. THE ‘LIMITING FACTOR 
_ WAS FOOD SUPPLY:: DO GYPSY MOTHS, WHO ; 

.  LEVE, BY EATING THE LEAVES. FROM TREES; aw oe 
_. BVER REACH ‘THIS LIMITING FACTOR? (SOME % ‘ton 2 
_.. READING IN’ THE LIBRARY MAY BE NECESSARY,» . °® 
oP THERE ARE No GYPSY MOTHS: IN’ -YOUR AREA. | a ee ia 


= . "Yes, many. ‘areas’ of New England: ‘and aceain’ areas. ‘in: the 

oc  WidcAglanede ‘and Midwestern States have been defoliated — -. 
“20 by the ee moth. - (See: ipso ieoareyhy | for idee ce in... 
Seer eet. a. i, : | 


eg ae 


“IN ‘REALITY, “ARE THE LIMITING. FACTORS THE gig ee 
Ae’ GAMES ALL. YEAR ROUND FOR AN~ANIMAL SUCH AS, Sei i 
‘*  PHE GYPSY. we ae ia RED oe ahaa ie juss <a 


- Noy: = aa. “Hor example. in carta: seasons. such as. 

spring, food mi At be more available | than-in the. sumer 
__« or the fail. This would me ‘a! lower carrying capacity 

, in the’ summer ‘or. the fall. ™ a a8 St 


1) ARE ALL ‘LIMITING i FACTORS. IN nie BIVEROMEN 
| DENSITY-DSPENDER?: ; 


eee No. An: ecules of a ieee isiesanane lindting Piece 
hn “would be one. that would affect populations “of any. size 0... 
l.® - ink the same manner. A eae of: eds aise be t oad % ss 
ae sPeneeratues: ee be ee 


ot + : op “ 
eye ele “al 


~ 


= eae f. : ae 

6). IP. ‘You. INVESTIGATED THE. POP2 » MODEL mune, | 
WHAT: DIFFERENCES DID-YOU FIND: BETWEEN. SPECIES. - 

_ 4, ETH GOW:RATES OF REPRODUCTION = AND: SPECIES. : 

4 MITH pA. SUCH. AS THE. GYPaY Mone 


#8 


‘f Asiawer would) Aepend on whieh 3 aninale. were. Aaventigated,. 
uF pat, - a ’ Be cae oY 
ng 


“NOTE: POPS centr sudeae ae “to es at a ‘correct. éolytion 
to the’ faldowing question, ‘several trial. rung will ‘be: Fequined; thus: this ' 
Poses. may . not be: oe for A class acme 


a 1 ' Byowing. Population. during the f¥rst 5. ‘years? 
a) “To. answer this ‘question. you need | the ‘flowing tnformation. 
.! - In our particular forest it has been. estimated that 100 - rt 
_ Moths’ are required for easy mage location, Each “female ~ 
“moth - lays about.15 eggs that hatch to form the next. gen-. | 
'. eration.“ ‘Each genération takes one Bi . ‘There 4g fenotigh: 
« ‘food ta ‘support 500, 000 moths. 


 gumsarén: " , wbiat's ‘the emallest. ‘saute “ok. pe tat: will result dn a ay 


XN 


Nore: ‘TRIS 3 QUESTION HAS BEEN INCLUDED TO ALLOW Conrzwurcy OF > 2a. S 
_ SUBJECT FOR ‘THE ENTIRE, POP SERTES. “A FIGURE ‘FOR . 

“THE REQUIRED MINIMUM DENST'TY IN THE CASE OF ‘THE © 

" - GYPSY MOTH IS NOT AVAILABLE: ‘IP ACCURACY .IS MORE’ 

. 1 IMPORTANT THAN CONTINUITY, SEE P.17 IN THE. RESOURCE |” 

a MANUAL FOR | ABTERUATE ORGANISMS FOR HRs MODELING. 


an “eo - 


‘ep. 


- Computer Question a a eg HE ee edie is ae 


"(any number that the | 7 
student feels might be an... 
‘anawer to. the question,) «°° 


a aoe 


TIME UNIT PER GENERATION? i “Aear) 

ae CARRYING ¢ CAPACITY? 7 As se $00000 Make. sure no 

. - - — = Oat _ eee 7 . ‘commas are used. d. 
ome POPULATION. Ait Low bestry. 7 ee ee 


* 


pe ag aa 


° 7 \ 


ne 6. or - mpre; any, number en 
as Domesr are : 


EL or a ence (any, earn 
2 | - Spratly 


Ang populatton of. lesa ‘tha Sdies‘o ues A core on 5 sforgantons: oe ae 


” -rerkdins: ‘at at: tumber,.”. A-population: ‘of. 6: rbrepatene Tap 
7 eeowthe. ‘Ge a Samate ts Runs cad AG and..¢e). 


xs IF. THE POPS MODEL ts Ae cURATE Inv. ITS PREDICTION * 
“OF POPULATION CHANGE, IS IT. NECESSARY -T0. KILL: 

- ALL THE ANIMALS’ IN: A POPULATION IN: ORDER: 70 : : 
MTEL THE POPULATION OFF? WHY? Se 4 a a | 


“petording | to POP3, 4t ‘6 not caee ee to kill every Sieg tos: ° 
. ‘cause the: population: to “dig off, . If the popula tion . is an oe 
to very. low: levels,’ low-density ‘effects | ‘tay cause. the ex action, ae i 
", of ‘the ae pace without . — sdditiqnal eet an ae re. 


S: i : 
* . < 


ia OTHER PROBLEMS ‘RESIDES MATING ‘aroun anwar 
++, (QR PLAINS) "HAVE: AR-2OW DSRSTPTES? “4, me . e 
: Lad }.. . 2 ee 
- Animale that use large “gubbers foe: yrotiaction’ ‘yould have a eer 
“Problens: at low densities, ‘Also -animals -with complex 
. social organizations, such ° as man. or. the bee, would: have — 
Ranet problems if there were.:too few individuals, ~ s 
te) fill the necesaary, ne in. the oa 


ia oe . eee WA, 
: ed 5 


oO “HOW DO MANY WILD PobuLarrons, ‘SUCH as ‘DEER c oR BUFEALO, 
ae Tas PROBLEMS OF ‘LOW MATING. DENSIPERSS 


. c 


= her anda buf faio eae! thetr. heneities: chtghs. either oe ‘dias 
or by. ‘congregating in certain locations.’at mating. panei 

". (Many other species exhibit such grouping activities;*have -.-... 
students investigate to see if the reasons for these’ ee 

. — might be to avoid. aarti problens.) , 


WHAT OTHER REPINEMENTS- Da you THIBK WOULD BE fecessany - 


“J BEFORE ‘POP3 COULD BE’ USED TO ACCURATELY PREDICT THE 
POPULATION’ OF NAN IN THS YEAR’ 2000? 


as a: Man is hot live for’ just one: generation; neither are: alt the. : 
| children produced ina single year. Other modi fications’ which.” 
could: be mate include the ii ae es ’ 
Oe A life. ‘pan factor - i eats 
. :b). A changing limiting factor. o. ae © hn 
7 ce) vA factor. for. ‘the number. ‘of. people not ‘having: families” Cee ee 


cy aA factor for the: tine. after birth that marriage ¢ takes’ ‘place. . 
am a Z . ot — 4 “ a is “op. nae 


iow other acd pliztlone oheutd ie al by the 6 ature, the gplectiye oy 
of thta question. ts. to demonstrate that modeling ‘hunay popula ttone tea ee en 
= eat iiNet enterprise even with he, whip p ot aot tere = Uae y 
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., DIGITAL EQUIPMENT CORPORATION. 


©) 


“tf —" se te noe a ies om ¢ 
: : eu « ' : eS - 
é.. . ? a . 7 
a é . . a —o" ‘ ; 
; 7 ° : 
" cia ey ee bet eae > r 
DEC ciaisbeh isa | 
3 oe ee Bee Fe, ee ee a ek 


A: -partial Fist of ‘the publications dn’ the: éoauinuia se ‘of oa 
- curriculum material published by DEC for ‘use with EduSystems — ge 

and RSTS ‘are listed below. Please snaunee directly . for pEsese 
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of eee a ae an ‘Asout, THE cvpsy More Glee ae 2. Be SS 
aaa ar ‘ Sate Sy, —. y de, ae oe Shen 
 ) : “ ¢ he nypst moth “Caymiwtrta d dispar) is a piace pest... that has. been recy : 
4 sponsible gor complete defol Latian of entire forests. ‘Unfortunately tt « 
has become 4 common Tntabttant of tho New fngland woods and has been ex~ yy” wa “ 
. cpanding its. range ‘int&, the Mtd- Atlantic and Midwestern SEntes — _ : “4 : 
; an, : 
. = Hue yypsy moth .s native to Bitepey Asia and northern ection: oe |: ere fa 
these areas ij in also h plant pest. © But in fts native environment, it, . - 
- Lots temathy bape under contral by other insect parasites and predators, .. oo 2 
“Phe KY pon aoth was introduced Into this country in 1869 in, an effort to '""- 24 “oe 
, mate if to the silkworm, then a cornerstone in the economy of the New. °° a 
: & ° nay band mes Eventitial Ly a numbér of the maths escaped from. the Medford, 
. ‘Loiachuset ts, laboratory and established themselvas in the loeal woods. 
by TH&9 iii talon dad Increased to over 360 square mites, Today many « 
; ‘bliss: ad oquare alles of forest are destroyed’ ies year by” this: 
species, . ‘i ‘ . ‘age ns — + 
Vy Fantastic ability of ‘the gypsy moth to strip the woéds of its “2. 2 
Pod douge ote cle to ad number of factors. When broyght into: this country, « By 
‘ ft wet ef teed Peon its wtaturat enemies ; the New England woods contained ee oc 
how predabor? te’ ‘iwi its’ growth. The caterpillars (larvae) of this 
spegtios calsnearly any type of foliage; including conifers such as the: a ae 
e 4 ptr mod the - ipruce, While certain species of tree are prefefred, e 
: - rman te Sb ved bane will be consumed if there are large humbers: of. larvae. : 7 
) The Henle ne Fie ee to seddnes up to 500 eggs that. over-wintér 
@ . an, Hotere de LS tL. oprings Naturally not: all these eggs ‘survive the rigors 
7 ot writer, aie is the .veason that. the figure: of- 15 offspring has been. - 

: adaotest far the SUD MANUAL.) These eggs are laid in a yellowish 7 ea 
elodual se chetsee ont gen avai Lable surface that has some ‘protection. ‘Each > 7 os 
wpa § abseatt oma oon diameter. Given-a mild winter,” most of these eggs 

: will bareh int heangry ¢ caterpl] Lars: @ . bo Y . 
‘ o : : : . 
s 
e ; 
aN 
Figure 3.1.) a) emp mags} b) harvas;.c) pupa; d) fpmale. adult; e) male adult. 
; e eae ae so ee ze -, oe _ ie boomed = ~tenterrme 


iy hatehed: 4 yae “grow Eee ee 116th, ‘an Uneh up’ to neaeiy 

Z tnehes ny henggly during May ‘and June; at this time: ‘they eat nearly non= 

i “stop any. fotlage available to them. . The Larvae ‘are’ sootscolordd ' with - 

- eee , darker ¢qtored spots ‘along the, body. “Thg yellow of the head is continued | 

ly  * downy thy body by a central stripe. From tuberculés along the sides of. 
: a the. lgtvae, extend: eg hatre. : oe oa ot ee 


° u - . . 


. e °% 
. - eth a ; 


; Mecatly uly these dest rucfive: “Larvae are ready” ‘to pupate. They. © 
remain in-this "resting stage? from 7*to 17 days while they undergo meta- 
rs norphos Ls ‘Into ‘the adult form, ‘The aflults that. hatch:are nat dest rpctive, 
ox ee: Sas role being: to mate and, lay® apes for ne next, prreron 


. 
t a Q : : 

) as x . if 
‘ow ‘ ’ - % 


ie  ,* ” The appearance. atid the hehaviot ‘of he sles. -and fonsiag: vary: ‘greatly. : 
‘ fhetmale fs brown in color, whth Ligigt brgwn wings, The wings have: wavy . 
. — *y band markings with dark.dots dlong the outer margir?; wingspread is about. . 
ca 4 lk itches. The’ female Ls white fn color. with- a yellowish abdomen.-' She. - .«. 
tape OP hs much loager, and heavier-and igs incapable of flight even though she is” 
a oe with 2h-inch wings. ‘She must.wait-for the male to*locate and °: 
Cae. & 4 ‘fertilize her, wince she cannot move fatr from the locatfon ‘in which. she 
ta “‘pupated, ” After: laying her ep BES she dies’. hae — 
“eThe eges are laid in fae e July or “August but remain dormant until the ° 
-fotlow ing: spring. Tus there ts only one generation per year and the adults 
; never {nteract wtth their ORtoRy ING (this is a | critical assumption of the 
PoP sertis programs, ) _— 


across, the Unt ted States, occurs during the larval stage. - ‘Outbreaks far 
away, from kriown infestationg -have been explained by storm ‘winds blowing 
ined the light. Larvae many miles into a new area... Egg masses have also been 
aan x crausported © new led by. Christmas4tree pa eee from. infected areas. 
iM n* 

. ae Kontrol. atipete in! recent “years have used DDT applicgtions from the 
ee © tr. Because of. recent. doubts. about sthe gcologiaal. wisdom of applications 
NO " & of persistent pesticides, empharts has beén placed on “natural controls. © 

Imported natural parasites and predators are, being ntroduced into this 
- country to restore the- natural balance, | A bacterial disease specific to me 
OS gypsv moths, stalled wilt, is also: being investigated. In: addition, new 
short-I ived ‘pesticides such cas. tarbaryl have been used in: conjuriétion : 
switly craps ronda hihi: SOX attractants. 


i? _ . 
fy 


: a i “Reseda! the females is immobile, most “of the spread of ,the species 
. J 
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Figure 3.2. Gypsy Moth’ Trap: 
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= IL. ASSUMPTIONS ( OF THE POI POP p SERIES MC ; Moms | “AND. HOW ve av SY Nort MEETS THEM 


4 1) There ig no Limtt to the species growth, 


4 


° 


Sate Ge ee ages 2) - Fhe -adults.. live for? ange ane generation. eee vy ee ee ne Pe ree on wage 1 
Hey _ : - : ” bel z 


& 
3) The ganceneians are distinet and se parate; for example, there is no 
2 teed between generations : ° 
ladeaaainls if 4Yyrthet o nv iedimertt ist notin cott¥elling orglimiting af any. time. 
‘ te ‘ ; t . . . . J * ‘ a . .e te ‘ z Pa ” . 


5) Reproductive rate is constant from generation.to generation. 


: ’ e ioe! os a ; , . 
« Ly & There ts no fomtgration of, emigration of the species in question. 


. & ¢| 


“How the pypsy moth meets these. as$umptiLons : 
. Opv tous lye no gpectes, man tneluded, can continue to grow: Sorever without 
oye bimit; but ane infestation of gypsy moths ean grow without *limit initially. 
© For this teason we can say that, at. least initially, ii #1 is met 


oo fora See populatton, : , es an @ . 


‘ és 
the:ayiey moth's life cycle is such that the adults Live a very short 
time (see p.6 thismanual) $ therefore,-Assumption #2 is satisfied. Be- 
‘ cause the eggs laid by the adults require cold’ winter-weather in order to 
» hate, we find distinct and d separkte generations’ of one Hee year, pwnrels is. a 
pequired’t by P Se Stme ran AS. 7 ‘4 ‘ 
: , . \. y ‘ poets 
Ciwavty. Assumptions #4 and #5 above are not often met’ by. any dpecies. En- 
vironmental conditfons. often change. In the gypsy: moth's case, the species ag 
itself ts very likely to cause a drastic change tn thé environment, U.S. De-.. Rae 
partment of Agriculture studies have shown that defoliation, even ‘for one ee 
gypsy-moth season, Is enough to k{£11 many of our more cémman trees. Whenever. , oor 3 
the environment changes there’ is” usually a change in the net reproduative rate. 2° | 
‘In the defolfation case, the severe shortage of food for ‘the caterptilars would 
result tn fewer caterpillars reaching adulthood and also fewer eggs per adult. 


~ o 


4 , 


A . ¢ £ 
Assumption #6 can be true for the gypsy moth. Because the female adult is 

not mobile, she must -remain very near the place in which she Ppupated. Since it 
is the female that lays the eggs,’ the next ee ieee will not occur far from 
the location of the previous generation. This is one reason that the spread of - 
the gypsy moth has been so slow, up to recent years. The.U.S.D.A. now beifeves : 
that the increase In eypaynorlt infestations in widely, .séparated, areas is a4 Yen. ~ oF yl 
sult of {ncreaged human ‘transport mefforts are belng made-to make campers and. 

others in the woods aware of the g psy moth, so that they will inspect their . a 
equipment for egg masses. Should a single egg mass be trammsported into a new. 
area, there ls a possibility. of © Byer me infestation far from the current 
problem areas. . 
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Assumptions: . _ 
‘ if : » ; ; ; | ‘ t . 
Assumptions #2 and #3 ‘from above. . : 
“ : vs a : 
rhnwammaparn =" 7) The enytronment can Support. a comstant number of the species from genera- 
: ue a tion to generation; i,e:, there is a fixed, unchanging carrying 
capacity. Se eg 
8) At the carrying capacity the population is using the limiting’ resource: 
,a8 quickly as it becomes available, 
3 a ¢ , ; e “ ° v 
9) As population increases towards the carrying capacity, reproductive - 
’ a rate will fall. At the carrying capacity reproductive’ rate will “= 4 
_ always equal one, (Tha population will remain constant in number.). . 


: a ‘ o 
-.- 10) Should the population exceed-the carrying capacity, the reprodudtive 4 
‘rate will fall lower than one. (The population will fall , 


‘ 


11). Single individuals’ can reproduce, even with ng mate present! 


@ How the gypsy moth meets these additional assumptions: 


a. While the environment can support a certain number of organisms at any : ae 
" particular time (the carrying capacity), this number does riot remain fixed ‘* “+ 
- and cénstant. It is subject to variation from many sources, bot biotic and 
abiotic. In the case of the gypsy moth,, Assumption #7 fails most noticeably 
* after thé gypsy, moths have’ exceeded the carrying capacity. The trees-should “ 
pe "have ‘béen defoliated and many of, tiem should have died; this would lower’ the 
ms , ‘ carrying capacity for the next year, ‘POP2 keeps the carrying capacity constant, 
_ however. HIS SHOULD.BE POINTED OUT TO THE. STUDENTS AS THEY QUESTION THE 
-. MODEL IN. THE FOLLOW-UP DISCUSSION. . . ¥ 
The Assumptions #8, 9, and 10 are generally thought to be true for most 
species. “At the carrying capacity there is just enough of the resource to 
support’the poputation. If additional organisms are added, -an equal number 
will in bome way be eliminated as there is not eno gh of the resource to 
Support the additional population.. , 
ee ta : 7 Lo 
Assumption #11 is definitely not true for the gypsy moth, ‘A male must . 
“locaté the female within.the female's brief adult life in order for repro- 


duction to take place. . ’ 


Po 


“Agssumpt Lous : 
Assumptions #2, 3, 7, 8, 9, 10 from above. 


e213) At low population densities, the ‘reproductive rate will be depressed. 


refinement that ae: adel to produce a vfable mone): 
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How the oth meets this additional assumptions. 
re PS aa a 


4 


There is little data’ senidable to support this assumption for the gypsy 
moth, but such effects have been recorded for organisms as diverse as musk= 
rats and flour beetles. 


- Actual research data indicates that the male can detect the presence | 
ofa virgin female gypsy moth over great distances, The female secretes a 
sex at€ractant known as a phetomone., When a male moth detects the sex 
attractané, he begins to fly upwind until he locates the non-f lying female. 
Once the female has,mated and laid her eggs, she dies.. ok 

This problem has been entncs in the STUDENT MANUAL .to aaineett con . 

tinuity. The student problem inyolves a study of a 10-square-mi le forested 
area, We have made the assumption that . 100 moths (50 male and 50 female) 
are required for easy mate location. While there is absolutely no data to 
support this contention, it’ may not be completely unreasonable, 


. For those individuals who feel accuracy is more important than continuity 


in this series, we have included on p.16/ of this section two alternative ; 
animala which can be modeled; the muskrat and the heath hen. “It should be - 
pointed out, however, that no animal can truly meet the: assumptions of these . 
simple models, ; = , - 


SUMMARY \ 


The gypsy moth does, meet | a surprising number.of the above assumptions. 
But’ there ts at Teast one’ assumption present for each model that is violated, 


-To the extent that these violated assumptions: are tmportant, the, POP Series 


cannot be expected to give an entirely - geturate projection as to population 
changes in a tyue life. s{tuatLon. 

ait an extremely accurate model is not our goal. Our primary aim ia the’ 
POP Series programs is to help students develop a critdcal attitude about 
population modeling, by presenting an examplé of the sequential method one 


> 
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popr 


oe ; — . 

@ = - The so-called population explosion i4s.modeled by POPf, This model 
‘assumes’ that the population under study is increasing without limit. In 
other words, the environmental factors are not affecting the reproductive 

_ Yate of this species. A graph of’ reproductive rate-vs. population size. 

for this model would result in a straight aane (see Figure 3, _ below)»: 


yd: 


Ss 


Reproductive> . 


Rate 


Population Size 


Figure 3.4. | 
f 
. a 
id is . 
‘This constant reproduction rate’ leads to a geomet ric rate of "increase 
in population size. This model for population growth led Reverend Malthus 
to belleve-that Lf food supply increased arithmetically, there must come a 
time of extreme shortage of food and widespread starvation. This* is the 


SO~ ~cal led Malthusfan Dilemma. . : oo 
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_ Figure 3.5. Dashed line ( ~- = = iuaiearen the arithmetic prowth that 
* > Malthus predicted for food, supply. The solid line ( ——--— ) 
: ce indicates the exponential yrowth expected of a population grow- 
‘ " ing without limft. At the point where the lines cross, Malthus 


predicted that famine or some other disaster musi take place. 
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POP2 a are a ee 


¢ Most populations are not increasing explosively however; clearly, . - @ 
something. must be limtting the growth of these populationg. | Those con- a 
hg. 3 ditions limiting populatton growth are called limiting factere. Food < 
7 supply, amount of shelter and the like are called denatty~dependent ~de andent 
' limiting Factors; ‘they do not affect a population at very low a a 
| ~ densities, but as che population grows they come into short supply and 
eventually: Ilmfe the population tncrease, POP2 allows the student to- 
| model a population that is subject to such density~dependent limiting 
i factors, In the program we use the term. carrying capact ty to represent 
e the maximum ability of the environment to support the species in question, 
| “Thus when the gypsy moths reach the carrying capacity, they consume all 
thé leaves ae the trees are capable of produging. If their population 
{ 


should continud @ Increase beyond the carrying capacity, they will strip ~ ~ oe, ny 
the trees of leaves, which in, turn will cause.a food shortage; this short- 
age wai 11 leave: tew ype) moths to pepe 


ae ‘A plot Jf noprodueriue rate vs. eopwiarica for POP2 would look like °— ? — 
gi the graph in Figure 3.6 below. “At low populations the reproductive rate | 
is high, reflecting ‘the good environmental conditions, As population 
continues to grow, cond itipns become less ideal and reprodaictive rate, 
falls. - 


ey eye pee te me ee pe are ete ee nlp 


Population Size .. : : ‘ 


ty 


Figure 3.6. Only at the lowest populations docs reproductive rate equal 
or near the bfotLe patential R(@). As population ‘size in- 
créases, the actual reproductive rate drops, untul at' the a 
carrying capacity (C) the reproductive rate equals 1, 


} 
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Population 


‘reproductive tate falls to'l offspring per generation per individual. This — 
. Means the population of the (n+1st) generation will be qual to the nth 
generation if the population equals the eareying capacfty 


‘ . F : oa 


por’ assumes that . as tne ‘population: reaches the carry{ng éapantey the 


Should the separation exceed the catrying cap City, the reproductive 
rate will fall below one and the next gerieration will be sm ller in number 
than the current generation. This shifting of the reproduct ve rate can 


- lead to many different population vs..time plots. For a population with a 


relatively low effective reproductive rate, we should expect a curve similar 
to (a) in Figure 3.7 below. For a more rapidly: reproducing species, an 
oscillation about the carrying capacity is possible (b)'. For an exploding 
population completely out of control, (c) might occur. The section on fur- 
ther student investigations will allow students to explore the es 


: nature of the logistic model (see p, 21 this’ section). 


Population 


| ‘Time - , : 


. 2 : 4% : + 
Figure 3.7, See text-for details. Dotted lines (—-—~—-— ) indicate 
‘ carrying capacity. 


“BR. aa -—. 3. “a 7. 
‘2 ) It Is easy to see that - suseocouding in’ an. ‘environment. will | cause a 
fall” in. the _ reproductive rate; but scientists have discovered: that. under- 
crowding’ can have a similar effect, POP3 is.designed:to let the student a e 
investigate how the added feature of a low-density reproductive. ‘effect © 
changes the reeponse of a  popubat ton model. | — 

.One problem that can ‘result from undercrowding is that the males and 
the females have a poor chance of locating one another for mating, since 
a‘male and female may not even meet each other during a mating season, 
Another problem was ey studying grasshoppers. When the grass- .— 
hopper population was large, there was a very small chance of being eaten’ _ 
by a bird, go the chances for: reproduction were high.- But as the popula~ 
tion size decreased, the chance of being eaten increased, so that the. - 


o chance: = f reproduction became smaller. _ Scientists call this predation 
| pressure. | ; | . : 


Incorporating this low~ edanaiey effect into the pievicus model ‘pro- 
“duces the graph: shown below (Figure 3.8). We find’an optimum population 
’ level that falls off on both the high-density and the low-density sides. 

This. represents: the omni yedcttecks of overcrowding and undercrowding. 
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'Figite 3.8. At ‘both high and Jow populiaeianes, the reproduct Lvé rate 
is auppressety ee ah rogenere by C.). 
: 
- Susvenb ions for further investigation of eis model éan be found 
on p- 22 of this ‘section, ~* . ; 
- NOTE: THE ACTUAL SHAPE OF act He GRAPHS SHOWN IN THIS. SECTION’ ; aa. 
WILL VARY FOR DIFFERENT SPECIES. ®@ 


be yg” Ty pROGRAMMING CONSTANTS’ AND FORMULAE ; 
| ; , av, - f A. He -- ~~ & 7 
A at ioddenaiey population correction factor es " : fa 
Al x low- ~dens Lty ethect Limiting population : 
Eos ccuis oul geal carrying wasacies - 7 a _. 
ka = current generation being modeled . a ” 
M .= log (RO) | | 
; M2 = ede output 
oe N = ~number of eyaeselons to'be inodeted a 
Pp _ population Size . s, \ ie 
P2 ts thittal population size (P(g)) . . | : ‘ 
: maximum population side: Bs ; 7 ° 7 - 
: be 
reproductive potential «in offapring/organism/generation | a. ‘ 
seus uonshideine rate “ 
2° =. AMP/ES 
29° = population -model number - 
, 0 ; Y | = ttme unit per generation _ a . 
‘Formulae : | coo} 
“ n — the basic ee for calculating: the paptietioa is given a the . 

. ‘ | following expression: ee | 
rn ee Ce fe ae 
i. Lee. the papuiericn of the current genevatton: is adiiat 6 he: active repro-, 

ductive rate times the population of the last. gener arsons 
“ 7 , — 
fo re 


go. 2 2 7" “The actual reptoductive rate’ (R) is. dffferent fy each medel:. 


os We an, 22 {. a : : a, ee ee 
7 ee For POPL R#*RO °° * - 


Cm 
The reproductive rate is a lconstant equal. to the reproduetive rr 
fe cia . 
c r - 3 ee . a, 


Yor POP2 = R= RO * EXP (-M * P/E) 


woof 


, aa 


7 > ‘The reproductive. rate “yatles in such a way that tt ‘is saat to he: 
Yeproduttive potential’ (8G) where the. popeneeionse zera, but: less an 
“ROD when -the population is greater than zero. 


o 


= . oh . . * a. . : : ; \ 


‘at . . . 
tA ; ae 2 
\ f° For POP} R= Re * EXP cMETE) * lia 


4 
“ * The reproductive. rate varies payonentt any St both low and high 
’ popylation densities. : 
ee ‘ . . . _ e a . ;: 
, a oe - : 
The actual population equations for the three models are: given~below: 
ee . For POPL * P= RG * P : 
; oi . 
: ~ “ahh, : , . : is 
ane " - 
‘For POP2 P= _INT[RO * EXP-(M * P/E) * P + -5| 
-. 4 aa . . oe . 
For POP3 P= INT [RO * EXP (-M P/E) * (1-EXP (-Z)) * P + 5] a. 
es as 
x “4 


EM & 
4° REM _ 
REM COPYRIGHT 1972- ‘STATE: UNIVERSITY OF NEW YORK 


> REM PROGRAMMED BY. Le 


a UF Be > [NT S| hee 270 


ter 
4 PRENT 


HUE 
“tTypop oa’ ‘ 


PTF Me> TV POV THEN 460 
PRINT 
may 


PRINT 


/ PRINT. Wo coos wanda Ses ae eee | eee , * 
PRINT ; 
A FOR [x 


oy v. ‘PROGRAM iasrine” _ ee Re 


REM POP- - THREE, POPULATION MODELS - 


REM. "= 1 EXPONENTIAL MODEL... a | : 


<2 EXPONENTIAL MODEL ADJUSTED FoR Cymrrtve FACTORS . 
3 MODEL. MODIFIED FOR.LOW POP. DENSITY EFFECTS 

REM NEVFLOPED RY. Le BRAUN - | “— 
RRAUN » “Ue FRIEDLAND, Se HOLLANDER 
REM LATEST REVISION 9-5-7972 | ee 2 . = 
PRINT 4 -— ies 
PRINT! « , “POPULATION GROWTH SIMULATION" —_ 
PRINT — yD ae 


ie SN ee Sd 
aa ae 


os _¢ e 
| PRINT Ui CHI POPULATION MODEL? lon Qa OR 3). TYPE. in NUMBERNS 
i Pypupeg: iF 


TFOZ9=1#CZ9~ 29 42503 3)<>OTHENL9 


LET Tea 0 eee gee 


af 


SPRINT PS Px ee es . c 


PRINT. 
PAINT. "Pc aps" 
INPUT P ° 


i eo a 7 Tey : " : ; | ; 7 
a . , 
TF pew 


LET PAs . a a ee 
LET pgep i ff 2 ‘ a e. 


THEN /2.79 


A- PRINT “REP YO: RATES"3 ao . oy 


INSU oe ae ~ “hs 
“Vr =LOG GR ) , 

MOOR WIT PER GENFRATI OVS . 7 
tWeUT YY, , — 2 ' ne 
LE 9= i Pin 46s: = , : | 

PRINT "WARKYING 
ryouy & . 7 3 
1R29< RHE MAA 2. : 

ee WHAT POP. NO LOW DENSITY EFFRCTS FIRST REGIN'S 


‘ 


CAPACITY" 


Té Se>TVhCAy THEN. aoa 

LYE Ve 3R a 
Prgve voe OF: REvEROT TOS 
Wet Vv - 


VVTreay 449 , on 


“OJ PPUT ete ee L=TARLE, 25 


OS 


IF 


GRAPH», 32ROTH''$ 
INPUT : 


(42-1) FONDA A DC 42=3)<>4. THEN 530 - 


IF MA=0 THR S84 | 
PRINT "GPM. "TIME", "POP o" 


< 9 * s 


Lay 


a’ . 3 
ee 4 » . e Sie 
TO NV \ ; | . 
GOSUR 1134. : - fe 7 32 * 
UFP<1E36 THEN6A9 ’ | , 
LF 4D a2 THEN 734 


Ts l#YsP 


PRINT'POPULATION 1S Giha TER: THAN GAN RE RECORDED" 


GOTOT3AA 


IF P<20 THEN 714 t. @ 


TE P<P3. THEN 674 : — 


LET P3=P A OW: be 
IF MPe2 THEN 699 ; og 


PRINT I, I*Y's INT(P +e 5) 
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799 
"BaQ 
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33m 
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Y's a 7 ch. 
RAA 
894 
ay 
919. 
92F. 


"930 
949 


259 
6 6) 
copys 
ORS 
999° 
1aaa 
PALS 
Lo 
1438 
LALA 
1954 
1949 
1874 
paag 
1A9Aa 
{1AQ 
110 
1199 
A139 
11L4a 
1154 
1L16a 
1174 


Lika 


L19Aa 


Loa 


1314 
ae ass & 


oes ia 


1RQA0. F 


NCL 2s ae? 7G, ee Be ae 


FAINT 


JF INTC LZ 9<> L/2THENB 3A ee eal ha ue ® 


eke CES Rese Pes Oe eg A ee a gene Me oy Tea Ge Py ee eT eee SED ow he 


: aoe 1 ' ‘ . ‘eo : e Der: 7 : maha aes 5 2, Ona 
sO i wt foes A . oh Cea er a ore oar ak a 


GOTO 7349 _ 6 = Ay es y : oes re 
IF MQm2 THEN. 730 0 || . + | #.4% a 
PRINT Ip 1*YsPs POPULATION DIED OUT" - Cute te 2 e, 24 
TF M@=1 THEN 1050. 9 | ee aa 
PRINT. — | _ a 


LET P=sPpe oS a ae o 
LED EASINTCE#S0/P3+6. Sy ‘ “he es ee aa the 
PRINT’ — A"3 TARCLA)B "<== POPULATION --> "SINTCP34.5)-° 
PRIN T’GEN « eeaettacestat nace tetesceceliececee tects Cecetsseceesiness 
FOR [24 TOV. - 


PRINT 13 ee Se ie ae a 
LET Pas INT( S942 /2946) oO ; 7 : 
IFZ% 981 THENSAG - ; 

IF B®>61 THEY BBQ 5 7 ra _ aa 
IF R2<P4. THEY 909 = - . FO, ‘3 ae 
IF R2>P4 THEN 924, ; , oF . ee ce ee 7 
PRINT. TARCS) 34" TARE RAD 5 et eo 8 S&S * wee ee = 
Goro 939 ‘ Baie ip Oo 
PRINT TAR C5) 5485 TARC RA) $MC"S. TARC PAD 5 Mat ; ; ee 
BOTO"R34 -s _ “| 
TAPTARCS 5 45 TARCP4)3 k's TABCED D3 nem — _-¢ . 

GOSUR 1Ped : _ . 

IFP<IP36TNENOTA | = ee 
PRINT"POPULAT LON IS GREATER THAN. CAN. 3B RECORDED" : Pe ca 
BOTO 1959 ‘ ae es * ot 
IF Pes} THEN aia. —_ a . % 4 
PRINTTARCS 95 4 ; a . . - ad aa a s 
NFXT DO. _ _ kee ae  } 

GOTO 1953 oy a SS *  s . 

PRINTTARC5)3 He" _ 8 . . 7 

LFINTCT+1/2) <> C141) /ETHENIOAD i Te aes a: 

PRINT [+13 ' : ; 

PRINTTARCS) 344 POPULATION” DIED our" 
PRINT. Se 8 
PRINT “ANOTHER RUN? cresaly Hosayes 2-5 
LIPUT 7.9 = . _ 
TE79=LTHENOAG 
FOk L=1 TO 8. 
PRINT 
NEXT I 
GOTOLA 4A | : ; oe _ 
LF%9>1THENI 164 . \ “3 
LETP=29%P . - ; “ 
GOTO12349 , be & er 
LETZ821 yo os 
IFZ9<3THENL220 | _¢ . # e oo 
LETZ=2A &P/E eg FS Oe | ; _— ; 
IF%<549THENI 2198 : ) a a 
LETZS54 as 
LETZ8e1-EXPC-%) — : ur a er . 

LE TPs INTCROEXPC~ -M*P/EX¥7B8#P4e5) 20 2 uk, d 
” RETURN iS oe 7 = oe 3 ay : Ra 


END rs He : 2) ae @ 
a . ae a a e ; : , - aes Varires: oe ‘. ; 
: : » RY : at , ; Sia eo " 


ec. 7 c o 3 } Sm . . ae i . . 
7 & am e 
~~ Many teachers will want ‘to. substitute a more familiar plant or animal 
toreth@ir students to use tn their study of population modeling. Again it : 


a, -. Ts-importaht to emphasize that the POP Serles.4s not designed to give’ — 
“correct” answers to population.sizes, but is designed to allow students ~ 


ota Ta, [CO Unvestigare seyeral.eimple: populat Lon. growth,‘mgdele . As-Loag.as this | Sipek “yer 
Ee is kept In mind, tt is often possible té substit®te another. organism for i 


| st udent. studv. an 


~ : : . + os care: 
: . SN ‘good source Orage P cope lace, migumat Longon planty and ayimals is... fle Eon 
: » the Preldbook ef Natural Hletory “by E. Laurence, Palmer.” If thiS book is ™ . f 
' nol in the teacher's library, copies may be available in a”local libracy. 4 
Many other natural history: guidebooks will also furnish equivalent. infor- 
pe “mation. To use each of the POP Series programs, ‘the following information 
. must be developed: . 6 ap an oe: 
we “os POP] : - Reproduction rate and generation time | ° 
ie - POP2 2° Reproduction rate, generation time, and, _— oo 


-carrying caplac Lty of' the environment ao 
POP3 =: . Above information and low-density mating effect. 
‘ -_ : ss 4 
: ; ~ : , : x : : 
_ © 7.) luformation on the'Jast two factors igs always difficult to find. -. 
_ > Carryiuy, capacity is highly dependeht.on environmental: factors apd because 
oof this can vary Over a wide range. Figures for Yow-density mating factors 
y . scan occasionally be found in ecolugy texts... The best procedure may-be for. om 
: & the teacher and the “class to make an acceptable estimate. for both the equi- ‘ 
Jibrtum population and the population’ for which there will be low-density 
mart dry, problems, “after discussing any information’ they may have been able — .. 
ete gather concerning the plant or animal in question. > 4% , 


Q > : < 
‘ of ~_  * , _ 
Other animals yhfch may be modeled with’ the POP Series 
ae gee ees ca a ee 


ee, - _ 7° 2 Og 


ay ; ‘ . 

é oe : . : 7 ; ' . ‘ 7 * , 
. Vive: Nottall the animals ligted below meet the assumptions of the POP ' 
; Ze Sertes programs as well as the’ gypsy moth, This will ‘present 

f 0 ee few problems if both the. teacher and the student are aware 

a of the basic objective of the POP Series: to introduce the ¢dncept 

7 oe of populdtion growth modeling. . 

are ive & : 


ry 


Le etree reget ee tenet ee eee eat Ee. 


x - . hd . : : 
: * Palmer, EY Laurence,. Fietdbdok of Natural History. . = 4 a ree 
ee, _,New York: McGraw Hill Book Company, 1949. _ 


ce. | : : : 


"REPROS yRATE*S 


ORGANISMS, - TIME /GEN. °° “ GARRYING CAP; LOW DENSITY: 
eae aaee eee : ~ Pa etn nen eo aoe +e Ae we - ie ‘ cee a - .. * D : 
ee ee ee ee ee ee 

; pattern : : igs ° 2 Naas )- wm | _ { . ee te $ 


Elephant _ eg a pee 10 Gene). _ - —_ 7 one. . a. ee 
cExmbt Fly 250.0 ga (days) 


a 


are 


| ORGANISMS: REPRO} RATES “TIME/GEN. CARRYING CAP, LOW DENSITY 


-*Paramecium ° ‘about 2 - ai 1 (day) 7 375 ml) 2 Fe : %, = 
Yeast Cglls | 2, gk (hours) 665 ml). ah age 


-- Sheep? in: ‘s ‘ ia i er re oi Se | | Ake ao : a, 
' -  Austrakia | (have students investigate “this) 7.million 0 07 


ORGANISMS Tada . © TIME/GEN. CARRYING CAP, - LOW DENSITY ™ - 

Rare ania ge ee eee 
Muskrat —- . cr to 20)- -l (year) 300 "5 130 
_ @ si (Betintated) 


oe (dpe above Goveexines ‘om ts busca on 150° acres of marsh. Any. 
ne / figures that’ seem appréptiate. for the users' ‘location should’. Pak aeey 
“be adopted. y. f a on oe 7 eu Ss 
‘Martha's nae ee. Og % .- . _ @ a ras 
* Vineyard 5 (up to .10 eggs)’ -1 (year), = 2000 : 7-300 © oes 
ok oo, De aw ee 
a we a eo 4° ea 
Since figures for low-density populations. are ‘difficult. BO Seas, 2 
a 7 ebtain, these figures are based on many assumptions which ae 
~-may“vary from one location to another”, - Sasa 


= s : Beadticchig! ab sh ated Teen, ah alee csige ak 
re 


seen oan epee a 
SE ge arrestee 


. *For sexual species you may “divide this number ta 2% - _ 
pane the, oyster can produce over 100, 000, 000 eggs per year, 077 


~ 


. 


. oe Oe, B ee : 
16 . oS wegipe ten end 


4s ‘ <7 . : : < . 2 an .& theees — 


13 


we 


aes _WHiLe many ‘teachers wilt! feel that, man. should be: kveated "AB ‘the study ~ 

ae oe organtam. in the POP.Serfes, man was‘not used because he, violates. key | %  . 

© assumptions madé in the POP Sertles ‘models (see pp. hn6) ,«- The assumption Ss oh > * 

yt that one.generat ion does shot Yeproductively interact with the next.i1s8 not .~ | 

ak. . strictly true of 'man.- In addition, tian's generations are not distinct as, 
ee . was the cane with the gypsy math; generations ovetlap to. such an extent 

ps that tt is difficult to Beperars one Renerat ton from another. 
While abject Lona 1 to using man in the tor Series are serious, they do. 


fe not rule.out- ‘using man ag a study organism provided the students are highly 
° ee critical oF: both the PePUeS and the results, 


a ested ee for api 2, and 3 
REESE DNS SOE OEE 2y_and 9 


"P(O) = 54m We suggest this number sincg in the year 1650 there were. 
. approximately’ 545 million peop¥e in the world: and all 
. numbers can be multiplied by one million ‘to contrast 
oe oe of model to actual data. 


os Alternate aueeeetionsatee P(O) inelude P(g) = =2, ‘for a. le 
ses projection.of the future population. ‘starting off with 2 

- Individuals (1 male and 1 female, of céutse); or P(O)=3, 
% l ae Se oe . , to represent the 3 billion persons in the world today »: 


H 


a ror REPRO. RATE Select “a nuyber based..on the students aa your class. Re- 
sae 4 a member fo divide ‘the. number oF children per fdtiily by 2, 
e . = : as man is g sexual animal. Also také into account ‘the 
- 7 oe » . laet that your students may not be f rom families that are: 
. an . &, «" | complete; ‘that is, more children may be born into these * 
- ‘families: at a later date. “It might’ be best to ask: ~"How. 
o 3 _ s many children do you think your parents will have?" ee 


, LIME UNIT PER - GENERATION = 35(years). oe C 
This figure may seem to be too high, but ‘tt {s based on 
ae the assumption’ that many couples have children starting 
Ay om 2 & at. about age 25 and are finished’ with their families by 
Lo os , 45. jears of age. ; a " 
re stp i ’ « 
oe CARRY TNG CAPACTTY = ? ‘ : 4 : 
Py ‘: ‘Again it will be necessary to talk to your @tudents about” . ; 
=. ~ what factors limit man's population and how nee’ factors an 
es * are changing. sMany scientists feel that man's population 
“ts increasing at a much faster. rate than his resources. 
Others’ feel that.man willbe able ta extend his resources in 
2. >  .” ‘time to allow his’ increasing Population to exist far into the 
ao 2 Se future, The ultimate limit-to man 'g. population is gurrently 
, a very controversial scientific, question; "so when using POP2 - 
eo, "or POP3 with your ‘students ;-be-eure to gtress Khe h othetical 
: LBL of 


ce © — *Another | HUNTINGTON. TWO Simulation, 1 Us SPOP, will actenpt to model a ‘human. population. 


ae) 
a8, ss 


Vote 


a a 
-ERIC © 


a ; tion with. your students. 


- iw = Ae . cans ics a : . - Sg Po ots we at oe i aes ne 
or he POPULATION ARE\ LOW-DENSITY: EFFECTS: FIRST NOntcme ee er ee 
The response to this question rests on what convention ~ «: ew : 
you are following for the P(@). . Ef: you ave following” ao 2 


., our convention, you might reword ,the questign to readr ete g 
HOW MANY PEOPLE SPREAD. ACROSS THE FACE OF THE EARTH WOULD 2° 2 9) 066." 4 
BE NECESSARY FOR EASY MATE LOCATION? ° (Remember to divide’ ove ae 
by. one million, as in the P(@) convention. ) “Best ‘results © 7. | 
can be obtained by discussion of thie a ques=§ ~..:' °° # 


. The last two questions will be important only if you elect’ to use POP2).- =. * 
or POP3.. ie a a 
. 4 : . = a . : oo Jif a O° 2 ; Weak, age 4 


e thes _to Human’ Population ae i. oe Gg 


Using POP] may make it possible for*your students ‘to investigate how . 
a change in family size could affect the future population size OE the ee 4 


‘ world,. This can be accomplished ‘by setting. P(O) equal’ts the current popu 


lation of the world (3 representing 3 billion people), setting tige unit- 
peWgteneration equal:to 35 years, and varying ‘the reproductive vate. The . fae 
years can be meyed in the sae as faghion: ; ee en Cae eet ee 


oe : ‘ p ; t 


: . t) ‘ ee _” : ; , ne Se a 
- "Gen, Year’ ge gi 9 2 ae ae me OS “i 3 
pees — te 3 x - oo , . : : 
\ 1960 2 a Mets ~ ee 
7% 1995 0 —o _ a 4 : ee 


0 
] : . < . r 
2 2030 ee Ye ee on ee aoe © 
3 _ 2065 pee _ « & 
4 2100: , ny ee 2. a ee 
| 5". 2135 eg er ee 
n : 6 . « , 2170," ete. ey 7 ot 


let = a = 


It 1s important to keep the following. considerations in mind when - 
modeling human populations with the ‘POP Series: ‘ , . 


. 
° 


1) |The -POP Series will only aie the population inerease , 
in each generation. “ It makesythe assumption that’ © 
+ the parents.of the ee a are, ho longer in tha _ 
populationy ‘e _ . a a ge 
As you know,. this may have. bedn true when the life . hi 

expectancy was very “low; but due’ tothe long life - . . 
‘ expectancy of man, adjustments must ‘be made in - ; . 
\ the answers given by the programs. es - 


2d The. POP Series are essentially static programs. The 

-models on which’ the POP Series are based assume 
no changes due to limiting factors or low-density .. 
effeéts other than in the’ réproductive rate. This, 


means that. changes in food production, econo. 
conditions, and societal structure ycannot be 
' represetted.- For these reasons the POP Series' 
., projections, might, at best, be valid for only- very 
. Short periods of time, because man has created a 
world based. on change. * ) 
POP Series assumes a population. with a uniter 
age structure. This is definitely not the case’ 
‘for ‘man. Man's current population, structure has 
"Many more-young than is accounted for in ‘the POP 
Series; This is the ‘reason that even if man 
‘should cut“his seen) ee rate to 2 children 
per cquple (1 per person per generation) ,*the 
“population will: continue to rise until at least 
the year 2000... 


i 


. 
arg 


\ 


- . ares | a 
assumptions on which each program of the POP: 
Series is basedfweré given on pp. 4-6. These 
assumptions should: also be kept in mind. 


A ‘s 


. °° 


8, . «. The POP Series Eee are designed with the hope that «they will 
an stimulate interested students to perform further investigations. These © 
investigations could take one of several paths, but two possibilities 
occur to us at_ the outset. a - 


« 
o 


: First of all, some students thay wish to researc! one of the subject, 
organisms they used-in class; if, for example, they gsed the gypsy moth 
they might want to investigate ‘the behavior of the-afaths in order to 


a ‘conf irm or deny the behavior of the ‘POP Series odels. This research — 5 4 
could take the form of either library work or field study, and EEEREE , 
re 2 4 approach could lead to useful BepOr EE: . 
Other Seudents may want to. jseutienke the POP Series: models ‘in 
a Sreater detail, varying birthrates and the like, or run the POP Series 
: programs using other, organisms. _ 4 Sag -_ 
The estes sections are written for the student and will 
ae - Attempt to suggfSt activities with appeal for a wide range of ‘a @ es 
P ability levels. ° These suggestions may {tn turn led ¢ to other “~ _ Jos . 
student investigatlans. : - F , . 
. & ; : a. ‘4 . a ; _ - 7 .Y 
A. Basi vest igdt . an 4 . 
. Basic = tpt lon ons | . | . | 
- . a ‘Using ? POP? _ : Se | ° 7 4 
. . How -does POP: predict population changes for different 
-" orffanisms? ° : 
Jin the Sr neNt MANUA MANUAL there’ are listed several other 
* antmals that you may want to use for comparison. The ' 
. : _ information you'll need for correct inputs can’ also be , 
foundgon these pages.- : 
Tf you want to model other animals, your teacher may be : . 
; able to guide you to proper books in your library. These | 
SS / books should allow you to estimate correct inputs. . 


. : ~ i . 3 
> | Since you are Interested in a comparison, you may want to 
ao , ‘compile af1 your results onto a er graph 30 that dif- 
a ferences will be easy to ‘see, 
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\ a ° 
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How would a’change {n birthrate affect the growth of | 
ee ypelee popetecton’ as predicted by POP1? 


mae * i ee have wot already doné so, carry, out the gypsy- 


2. Using POP2 wee | at 


a) 


moth investigation: in the SSIHIDENE MANUAL... In that 
investigation you set the birthrate equal. to 15, but. 
{n nature the birthrate is not always constant. . For 
example,:after a very cold winter the ‘birthrate will 
be much lower since many of the eggs will be killed; 


after a mild winter, however, the birthrate. may be- 
‘' much higher since fewer than the normal mE: of e888 
. will have mech harmed by the ;cold, 


To answer ther above aeseeone you may have to run 


_ Several experiments using a different “birthrate ” 


bach time. After you have gathered your. data, 


decide the best way to present your results. 


ioe y 
é 


How do different carrying capacities affect the behavior 
of the: Bypsy-noth pepetaen as amir by POP2?. 


If you have not sepady done 50, carry out the POP2 
problem in the STUDENT MANUAL, ‘Ip this investiga- 
tion we used a carrying €aj Capacity of 500, 000 moths. 

Tn reality the carrying ¢gapacity must vary from year 
to year, because environmental, conditions do not re- 
mai the same, Your’ job is to investigate how the 
POP2 model reacts to changes. in the peat reer Senec sty. 


To carry out this investigation you will have to run 
POPL spveral. times, changing ‘the | carrying capacity 
each t-ime but hotding all other variables constant. 


4 


Once you. have gathered your data, wou may wish to- 


‘- present it on a singlé graph.for easy comparisan. 


b) 


For this reason it. is important to obtain your out~ 
pat in table form; this will gtve you numbers which 
you. can put on the same ‘Braphi.. 


How does ROP2.behave for other animal.'populations? 


You may have already investigated the POP2 model for 
population growkh af the gypsy moth and wondered tf 


-POP2. would behave @he same way for other aninials, 


we ro . 
in the ror yp ion of the STUDENT MANUAL, there ts 
a table with®the necessary information for using other f 


. animals. This table will’ give you proper inputs: for 


P(0), REPRO, RATE; and TIME UNtT PER 2 GENERATION, 
Use a carrying capacity of 500,000: for all your 
rung, §o that you can compare the: population growth 
(or decline) of these other an{mals with the be-  - 
eB of the Bypay-moth populetion, . 
Present your reaules for at ilies aileate used, 
including the gypsy moth, on a single graph.° 
‘(You may wish to plot che number of oa 
on the y~axig atid the generation number on the. 
' x-axis; using a dif ferent~colored pencil : for each 
animal will produce a clearer -~- and more’ inter~ 
“esting graph.) Singe™ you will need actual 
’ numbers . plotting your graph, be ‘sure to ask 
for your output In table form. . ey 


° 


3.0 Using POP3 


Your teacher can sypply you with information on 
other ‘populattons You can model using the. POP3 
program. This information.can be found on PP. 15-16 
of the RESOURCE MANUAL. , 


First design your . inputs: just as you.did before .: 
Again you are to determine what minimum popula- 
tion is necessary to allow the popmacios to grow . 


‘during the first 5 years. - 


Does the cocker ® Wty affect the’ minimum — 


population necess 


maintain. a growing 
population? 


— 


First carry out either the investigation in the 
STUDENT MANUAL. (p.9), OY the investigation | 
' listed above, Establish. the minimum population 
that is necessary for growth when the ee 
‘capacity is 250, 000. 


To answer the aboue question. (3d), it will be 
haere for you to run POP3 several times,- 
eeping all inputs the same each time except: 


for the input to the question: "AT WHAT POPULA- | 
TION ARE. LOW-DENSITY EFFECTS FIRST NOTICED?" 


ww F 7) 


After’ you have arrived at an-answer to your questions eos 
try to decide if POP3 is accurate dn its prediction. 


be) 


tell cg 


. make the following assumptlon: adults: do not die after 


! ee, eee : ae) kon * aa : 
“ ; 4 ow, i ‘< _* a ’ 
. 
vt a f 
A ' ; : ® 
4 a : ‘ 
bee ) 
(4 
A . a . : es ; . a ; = i 
“4 B. “advanced: Invest [gat fons ae a ss p af 


Gethg. POPL - ewes aa aa as ‘to the. role Wot Life #panin in 


( 
fach of the POP” Seri¢s programs assumes that all the adults 
dle after reproduction, While this is true of the gypsy 
moth and several other species (such as salmon) ‘this Is 
clearly tneerrect for many of the more’ familiar plants 

and animals. - In this modLfied investigation,. we will . 

‘ 
one generation but ‘they do not carry out further repro- 
duction, . “ 


To make the investigation more meaningful , select a Slower-growing 
speeoles.  Y@u cao cithee make onc up or user the values for the 
elephant ia-the SOUDENE MANUAL (p.2). Information for other 


slower-growing species can be investigated-in the library. 


Design the inputs for your sample organism and decide how. 


“many generations the. animal will live. Enter your inputs 
inte the computer and ask for your output {n either the 


table form or combined form (the table and the graph), 
since you will ooed the actual numbers . 


, og : 
The table will give only the: number of offspring produced 


efor the vurrent generation, not the entire population for 


the current genegation. ‘To obtain the total population, 
it will be necessary for vou to add the number of off- 
pr ings fox the current generation to “the remaining 
hutuber ‘of offspring Prom pret igus generations. 


Q 


. W 
Fur exmple, Organism A Lives a total of 5 generations, 
the compiiter has outputed the following information 
dbeut an Organtsm A population: 


GEN. , T LM. POP. 


0 0 2 . 

| : | 2 4 

“ 2 8 ; 
oe lo y 

4 A 32 : : 

5 ,) 64 

fy a 128 ; 


\ 


* 


a 


“4 


’ 


4 


< 
x be 
- 2, 
bt + gt Pe 
eee Pe 
: woe: : 
. . 
dé yt 

‘ 

3 

Fs 

“. 


. population. 


eX. 


GEN 6 


_ Sin 0 


Total wt Gapdiacton can» ‘be figured | in. “the following way, 


2 (since we assume no previous i Wig 


Benecarions in area) 


2+4a6. 
 244+8e14 | 
2+448+16=30 | 
. 344+8+16+32%62 ge gy ae 
448+4164324642124. (the first 2 are 
, _ + missing since 
‘ “they died after 5 
= generations) 
t i 
BHLG+32+64+1 286248 . we 


@ aks 
f 

® as, 

J . F Y 


Your. questton asked you to investigate ete effect of: different 
life.spans (be sure to include a life span of 1 generation) on 


total’population growth. ' 


To do this you may want to run .POPL 


several times, each time with. a.different life span, and then 


compare the results of each: run. . 
your data, you will have to decide on a method that will allow 
for each comparison, - 3 


L 


(After you have completed this investigation, 


Once you have compiled all 


you may want - 


to go partner: by allowing reproduction over-more than one 


generation. 


To do this you will either have to modify the 


POP] program, write a new program, or re-run POP1 for each 


year. 


'*"* above process, 


t 


“4 


. Using POP2 ~~: 
de 


‘Lf you select the third option, 
generation, figure out your reproducing population, -and 
then run POP] again with P(@) eqpal to the reproducing 


The program will ape you the number of 
,offspring for thé next generatign 


x r peating the 
you can obtain thggnumbem of offspring 


for any number. of generations.) a , 
aes os : on = 
Investigation of the role of car yin, 
terminin 


run POP} for. one 


% 


capacit in 
reproductive rate ‘din the POP2 modes 


As: you may have noticed wien you first. tried por2, 


tian > 


When the population density is far 


_ below the carrying capacity, the actual reproductive: rate is 
8 ? * : : 


wo 


‘the Sopuiee. 
e8 not necessarily grow. at: the same ‘rate at the: ‘same - 
times, as it dld in’ POPI. 


‘near the’ number: ee inputted as REPRO. -RATE ; iii, the 
-.. ". population nears the carrying capacity of. the, environment , 
bane: ae ae . the i ais gee sdems “to ee 


» 


The reason Pex this ‘behavior is'.as follows: The number. that tet 
oak you entered. into the computer is called the potential reprom~ 7 a 
be a ductive rate; this means that this rate can exist: only undér': — 7 ees 
ideal conditions. In reality these ideal conditions never 
exist, and there are always some: offspring that die. Actual’ 
oy reproductive rate is therefore always less than the potential 
reproductive rate. This is-true even in man. In this inves- 
tigation you are asked to ‘determite: -how .the POP2 population 
growth model relates actual reproduct {ve Bare and catrying 
capacity, © a : <4 : 


‘Procedure, ©. oh . , Ma 


You may-elect to run thls éxperiment using the-gypsy-moth 

. : example found’in the STUDENT MANUAL, or you-may decide 
gs to use another species as your @xperimental animal. In any 
case the answer will be clearer if you select a species with © 

a large reproductive rate, as chahges in the rate will be: ‘A 
more noticeable, _ % 


-Onhee you have chosen your species, decide on the proper inputs - : 
. for the computer. roper investigation. will require a number. ' 

@ of runs of the POP2 program. As: in the previous investigations, 

be sure to keep all inputs constant except for the one pactar 


E. being a _garrying capaci ty. : 


a 


There are seveeal methods: of Solution; three hOReAv ETI ei es are 
given below: So : YE 


a) Try plotting population vs. carrying capacity for a. 

>  certain-year, e.g., year 5. This wilt not give you 
an exact answer, but it will give’ you an idea of how 
carrying capacity affects reproductive rate, since 
the higher the population at a particular time the ; wee 
higher the reproductive rate must have been. 

weet a ' b) Run POP1 and-POP2 with the same values for the inputs 

- they have in. common and plot the results for. both runs. 


- on the same graph (population vs. generé Since a: 
+. PORL allows growth without limit ahd’ POP2 lini}ts growth 
because of carrying capacity, any difference {n the 


answer between POP1 and” POP2 must be due. to changes. 

in the repféductive rate dué to changes in the’ cdtry= 

ing capacity. If.you repeat this procedure for many 
hacks.” - _ different carrying capacities, a pattern should. emerge. . ; ' 


- 
\ 
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“a. Figure the actual. reproductive rate for each gen- 
-,, 7 eration in your experimental Bus ustas: ae re ~ a 
on following roreetae . 7 . on 
ar ea ae a * ey 
28 | R -- POPnth generation 
: _ actual - POP, . eg 
in nth Ans=l)et Beneratton or 7 | 
generation - |”... - .where n=1,2,3.... 


A : : | 7 : : ; : : 7 ; 7 i 7 


é 


“ae _ 3. Using POP3 - Investigation of « lontve” and non-e idsives 
Ho _ = population growls: 7 — w a oo fe 
have 


ra “I£ you have carried out the POP? investigation, you ; 
' noticed that the moths go-through cycles of explosive growth + Ho 
‘followed by periods of sharply declining population. Is. thig -_ 
‘true’ of all species modeled with the POP2 population growth | a 
7 model? To convince yourself that there is ‘another kind of bk Ps... 
i: _ growth model, try modeling a. bacteria population (4£ you's: -, fo... / 
wy. “have not already. done. so). These age ane proper inputs:” a 


- / _ “Pye 2 


/+ | REPRO.RATE®?- 7.50. 


‘as 


: = ee } - 
oe TIME UNIT PER GENERATION=? 1 (year) 
CARRYING CAPACITY? «500000, 
‘ NO. OF GENERATIONS? (in. this. investigation {- 
. we will use 20) - : , 
OUTPUT DESIRED? ‘ (choose the output you thin 
- es best suited. to answer the 
2 re = , . question) . . 
\ j . -? 4 : 
CS By varying reproductive rate for each; run, you should be able 
to ddtermine exactly how the aia Pore aDsTUences: the ae eS 
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Selected Student Text Materials. 


BIOLOGICAL CAL SCIENCE: LAN. INQUIRY. TNO. LIFE 
BSCS cS (Yellow) “Qad Edition 
Harcourt, Brace and, Wor td, . New York (1968). 


Ch. 38, pp. 73 755: A Took at the consequences 
of human population growth. 


oe 4 ‘ch.31, ees, Exponential growth model 
os * "relative to evolution. 


AL, NCE: MOLECULES TO,_MAN 
BSCS (Blue) Revised Edition 
~ Houghton MLEFlin Company, Boston. (1968). 


_ Chi 27, ep.6794697: devars almost all. the concepts 
. essential. to POP series models. 


© BIOLOGICAL SCIENCE: PATTERNS AND PROCESSES 
“a BSCS Revised. Edition _ 
‘Holt, Rinehart and Winston, New York (1970). 


v 


Es 36: - Explosive’ exponential growth. 


pp.55- 60: Population graphing exercise, 


tag 


BroLoGy: AN INQUIRY INTO. ) THE NATURE 0 OF LIFE ° a ee 
feo, ~~ Weinberg: Stanley ia _) 
Allyn and Bacon, Bostan le 


a 


pp-543-545: Logistic model development. 7 4 


pp «527-530: Human poptlation explosion. 


~ 


a. 


NOTE: Most texts have appropriate penne’ materials in the sections . 
re a under: pepulations. 
v.. x. 


ye 


P . College Texts ... 


Allee, Emerson, Park, Park and Schatidt . ees a _ oe = a . 
‘PRINCIPLES OF ANIMAL ECOLOGY: 9 °° \. a ae ee ee 


ey B ni ; ; = : ‘— 

‘ W. B, Saunders Publishing Co., Philadelphta (1971). eng: | ee am 

4 * 7 : 9 = phn : a: _ . ; i 7 ! Oo “Pak ae 
Especially Section III: Populatjons, pp 263-419. | ee ee Fa 
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. “ ACE ae 7% ‘ ee oy 
* Rdvewacthd and Birch : N\ ee , , * 
THE DISTRIBUTION AND ABUNDANCE OF ANIMALS a on _ 3 ee. 
: University of Chicago bene: “enteabe. (1954). ” \ 23 : = «fats 


Especially Part IV, PP. 557- 663, . _ . \ 
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Gause, G.-F, to te ** ied °° 
THE STRUGGLE FOR EXIS] "PRINCE ;  &. ee _ * ggg = eae 4 


Hafner Pub Liehing Co., New York (1969). : a tte Ee he tices ES 
; . ‘a o ‘ aot * om : 
| A P \ ; 


"Keeton, di eX Lam ‘ ee ee ee ae 
BIQLOGICAL - SCIENCE, 2nd Edition’ é Se . " see bo i. @. 
W. W.: Norton and Co. » New York (1972). » Fey ae. 2 a .. ee 


~  Espectafly pp, 648-656. . ' 7 . a 


‘Odum, Eugene | es . a : ee a : game « 
PUNDAMENTALS OF BCOLOGY ; . bed bdi tion: foes : is ie 


SALE LSE Sa i 


We Bs Saunders Publishing Co. ‘ ilaee ree csr). 
pp. 106-138: Limiting factors 7 €; 
pp.162-228: Populations ® Bae 8 «= a 


“'slobodkin, Lawrence _ 


‘GROWTH AND_REG GULATTON:- OF ANIMAL ssoetnanions | ae 


“Holt, Rinehart and, Winston, New York (1961). 
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. HERE COMES. THE ( GYPSY MOTH by Jean George 2 8 : Se oe 
/ Reader! s Digest, March 1972 (p. 49) _ ‘ , e . 4 : 
‘3 condénsed from the COnoervationist (Feb .~ Mar.'72 issue) . i 
: 1 4 = . oe . s . pm ; _ 
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; “% M, Beroga and E. F, knipling ote a " 
_ ‘Setence, Vol.177, No.4043, p.19 (1971) . . : 
: ‘ = . ‘ 7 - ; we o . . a a of , 
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“THE GYPSY MOTH : | a a - 
- * Program Aid 910 | ee ‘ . | : 
oO ; United fs Department of Agriculture (i950) _ . we og 
Re. A - Washing D. Cc. ee — | . 3 
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